The dye-sensitized TiO 2 method is one of the most promising methods for the visible-light-induced detoxification of pollutants. The reaction mechanism for photocatalytic degradation of orange II (OII) and rhodamine B (RhB) with self-sensitized TiO 2 under visible light irradiation (λ > 400 nm) has been evaluated. Radical scavenger studies were carried out to investigate the active species involved in the photodegradation of 5 mg/L of initial concentration of OII and RhB at room temperature. The trapping effects of different scavengers results proved that the oxidation of OII and RhB mainly occurred by the direct oxidization of h + and
Introduction
The dye-sensitization technique has been reported as an innovative technology that could play an important role in developing efficient and cost-effective semiconductor photocatalyst in the near future [1] . It can extend the light absorption range, enhance photon harvesting efficiency, provide extra excited electron pairs from a dye and accelerate charge transfer, leading to a high efficiency of photoe-lectric conversion [2] . The photo-sensitized mechanism of the dye-adsorbed TiO 2 under the visible light illumination can be simply expressed as follow: (1) the adsorbed dye is effectively excited to generate the electron/hole pair by the light illumination because of its narrower band gap in comparison with TiO 2 and (2) the photo-excited electrons are injected from the lowest unoccupied molecular orbital (LUMO) of adsorbed dyes into the conduction band (CB) of TiO 2 [3] [4] [5] [6] . Park et al. [7] reported that the dye-sensitization can be applied for the self-degradation of dyes. Shang et al. [8] studied the photocatalytic degradation of rhodamine B by dye-sensitized TiO 2 under visible-light irradiation. The present study is intended to investigate the photocatalytic degradation reaction mechanism of orange II (OII) and rhodamine B (RhB) with self-sensitized TiO 2 under the visible light irradiation (λ > 400 nm) and the possible mechanism is discussed based on radical trapping experiments.
Experimental

Chemicals and Materials
All reagents were of analytical grade and were used without further purification.
Orange II and rhodamine B used in this study were purchased from Nacalai Tesque. Ascorbic acid (AA), ammonium oxalate (AO) and t-butyl alcohol (TBA) were obtained from Wako Pure Chemicals. P-25 TiO 2 was purchased from Degussa Co. Ltd. Ultrapure water (18 MΩ cm) was prepared by an ultrapure water system (Advantec MFS Inc.).
Photocatalytic Activity and Detection of Reactive Oxygen Species
The photocatalytic activities of [9] and ascorbic acid [10] were added into the dye solution prior to addition of catalysts.
Result and Discussion
Radical Scavenger Studies on TiO2 Using OII
To determine the possible degradation mechanism of Orange II by TiO 2 , different scavengers were introduced to quench the relevant active species. In this study, t-butyl alcohol (TBA), di-ammonium oxalate monohydrate (AO) and ascorbic acid (AA) were adopted to be the scavengers of hydroxyl radicals (
superoxide radical ( was completely suppressed by AO, suggesting that h + can be also involved in the process of OII degradation.
Radical Scavenger Studies on TiO2 Using RhB
In order to investigate the active species involved in photodegrading RhB, scavenger studies were also carried out on TiO 2 . As shown in Figure 2 , photocatalytic degradation of RhB over TiO 2 was retarded with the presence of di-ammonium oxalate monohydrate (AO) and ascorbic acid (AA). The results strongly indicated that h + , and mainly via photogenerated holes, not via hydroxyl radical [12] . Therefore, the presence of holes scavenger has decreased the most the photocatalytic degradation of RhB. The presence of TBA had little effect on the decolorization rate, indicating that RhB was almost not degraded by • OH. O O − is -0.33 V vs NHE [15] , which is less negative than conduction band potential of TiO 2 (-0.5 V vs NHE) [16] .
Reaction Mechanism
Under visible light irradiation, a dye sensitized mechanism has been depicted in Figure 3 
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Conclusion
The radical scavenger studies were carried out to investigate the active species involved in the photodegradation of orange II and rhodamine B with self-sensitized TiO 2 under the visible light irradiation (λ > 400 nm). Investigation of the photocatalytic mechanism showed that the TiO 2 self-sensitized degradation of OII and RhB under visible-light irradiation could be mainly attributed to the direct oxidization by h + and 
